and plans to penalize hospitals with excessive readmission rates. 51 Therefore, hospitals are incentivized to obtain readmission data to identify risk factors for readmission, which in turn would allow the hospitals to allocate resources to the patients at greatest risk. To satisfy this mandate, hospitals must develop accurate tools to identify patients with high readmission risk. Currently available readmission models generally have poor predictive power and require further validation in the clinical setting. 1, 11, 29, 35, 57 There is little data available that evaluates the risk of readmission in spine surgery. In particular, multi-institutional analysis of risk factors for readmission after lumbar decompression has not been previously performed due to limitations in patient data collection capacity. 18, 58, 70 Anticipated changes in the delivery of health care brought on by the PPACA will concentrate focus on outcomes measurement in the practice of medicine; spine surgery is no exception to this rule.
In recognition of the need for comprehensive surgical readmission data, the National Surgical Quality Improvement Program (NSQIP) began to capture a 30-day readmission variable starting in January 2011, including planned readmissions, unplanned readmissions (URs), and suspected causes for readmission of surgical patients across a wide variety of procedures. The NSQIP defines UR as any inpatient admission at the same or another hospital occurring within 30 days after discharge from the principal surgical procedure, which was not previously planned at the time of the index discharge. 63 The NSQIP is a nationally validated, risk-adjusted surgical outcomes database aimed at measuring and improving the quality of care delivered to surgical patients. The database contains a robust cohort of patients from which a high-powered retrospective study can be performed. The aim of this study was to examine predictors and causes of 30-day UR after a lumbar decompression procedure, using the NSQIP data set.
Methods

Data Source
The 2011 NSQIP database was used to retrospectively identify patients who underwent lumbar decompression procedures. Instituted by the American College of Surgeons in 2004, the NSQIP is a prospectively maintained registry that provides more than 240 clinical variables from over 250 institutions across the nation. Captured variables include surgical patients' preoperative characteristics, comorbidities, intraoperative variables, and 30-day postoperative outcomes in both the inpatient and outpatient setting. The details of the NSQIP database including case inclusion, exclusion, and systematic sampling strategies have been previously described in other studies. 8, 32, 33 In brief, trained surgical reviewers at participating sites capture clinical data from medical records including medical charts, operative logs, anesthesia records, and interviews with the patient and attending surgeon. The recorded data are then de-identified to comply with the NSQIP participant user agreement. To ensure data reliability, clinical reviewers complete comprehensive training programs and the NSQIP conducts interrater reliability audits at participating sites. Most recently, the interobserver disagreement has been calculated as 1.96%. 63 
Study Population and Outcomes
Patients were identified by the presence of the 3 most common primary Current Procedural Terminology (CPT) codes 63005, 63030, and 63047, which refer to lumbar decompression procedures. Patients were subdivided into Group 1 (no UR) or Group 2 (had UR). Body mass index (BMI) was screened as a potential confounder; therefore, patients with missing height/weight information were excluded.
Descriptive statistics, as well as 30-day complications profiles and 30-day reoperation rates, were calculated for the study group. Patients were stratified by CPT and International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes into specific procedural and diagnostic sets, respectively. Demographic data included age, BMI, obesity, race, and sex. In addition to calculated BMI, the patients were stratified according to the WHO obesity classification. The classification cutoffs include the following: nonobese (BMI < 30 kg/m . 17, 37 Preoperative serum albumin and hematocrit levels were recorded for available patients. Medical comorbidities analyzed included anemia (hematocrit < 36% for women, < 39% for men), diabetes, dyspnea, preoperative functional status, history of chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF) within 30 days of operation, previous percutaneous coronary intervention (PCI) and/or cardiac surgery, history of angina within 30 days of operation, hypertension requiring medication, history of transient ischemic attack (TIA), history of stroke, paraplegia, steroid use for chronic conditions, bleeding disorders, preoperative open wound infection, chemotherapy within 30 days of operation, and history of operation within 30 days of the index operation. Alcohol use (> 2 drinks/day in 2 weeks before admission) and smoking history (within 1 year of operation) were included as lifestyle variables. Recorded operative details included elective surgery, emergency, inpatient/outpatient status, work relative value unit (RVU), wound class, American Society of Anesthesiologists (ASA) Physical Status Classification, and total operative time.
Thirty-day postoperative complications were categorized as overall, surgical, and medical complications. Surgical complications were defined as having surgical site infection (SSI; superficial, deep, and organ/space) and wound dehiscence. Medical complications were defined as complications related to medical conditions that arise from nonsurgical causes and included: 1) cardiovascular (cardiac arrest, myocardial infarction, or stroke); 2) pulmonary (pneumonia, unplanned reintubation, or ventilator-assisted respiration for over 48 hours); 3) coma or peripheral nerve damage (central/peripheral nervous system); 4) renal (progressive renal insufficiency or acute J Neurosurg: Spine / Volume 20 / June 2014 renal failure); 5) thromboembolic (deep venous thrombosis or pulmonary embolism); 6) septic (sepsis or septic shock); 7) urinary tract infection; and 8) requiring blood transfusion of more than 4 units of red blood cells up to 72 hours postoperatively. Reoperation was defined by the NSQIP as returning to the operating room within 30 days of index operation for intervention of any kind. Another variable captured by the 2011 NSQIP included 30-day unplanned reoperation, which is defined as an unplanned return to the operating room for a surgical procedure related to either the index or concurrent procedure.
Statistical Analysis
The statistical program SPSS (version 20, IBM Corp.) was used to perform descriptive statistics and comparisons of demographic data, comorbidities, perioperative details, and outcomes. Comparison of categorical variables was performed using the Pearson chi-square test or Fisher exact test where appropriate. Continuous variables were compared by using 1-way ANOVA or Welch test where needed. Potential risk factors for UR were identified via univariate screening, from which preoperative, intraoperative, and postoperative variables with a p value < 0.2 and 10 or more occurrences were selected. Finally, selected risk factors as well as ASA classification and wound classification were included in the multivariate logistic regression model to estimate independent risk factors for unplanned readmission. To minimize bias in multivariate analysis (because we cannot logically predict from preoperative and/or intraoperative factors which patients will have postoperative complications) and to differentiate predictors from causes of unplanned readmission, risk factors were grouped into preoperative and intraoperative variables, and postoperative variables for separate analysis. For all tests, significance was defined at p < 0.05.
Results
Patient Population
Using the 2011 NSQIP database, 7078 patients were retrieved from the initial query, of whom 62 patients were excluded because of missing weight/height information, leaving a total of 7016 patients for analysis.
Of 314 cases (4.5%) that resulted in readmission, 312 cases (4.4%) were URs. Single interspace laminotomy with decompression was the most common procedure, with a UR rate of 3.7% (Table 1) . Single vertebral segment laminectomy with decompression was the second most common procedure and had the highest UR rate (5.7%). Table 2 shows stratification of patients by ICD-9 codes with frequency greater than 100, and demonstrates that displacement of lumbar intervertebral disc without myelopathy (722.1) and spinal stenosis of the lumbar region (724.02) were the two most common diagnoses at index admission with 3.5% and 3.9% UR rates, respectively. Intervertebral disc disorder with myelopathy was the least common diagnosis but had the highest UR rate (7.8%), although this reflects an unadjusted finding that may be influenced by a number of factors.
Preoperative Characteristics
As shown in Table 3 , the UR group was significantly older with a mean age of 59.78 years (vs 55.98 years; p < 0.001). For available patients, the UR cohort had significantly lower preoperative hematocrit and serum albumin levels.
Patient comorbidities differed more markedly (Table  4) Comparison of operative details is shown in Table 5 . The majority of cases were elective operations (90.4%), but patients in the UR group had undergone fewer elective procedures (85.3% vs 90.6%, respectively; p = 0.002). Patients in the UR group were also markedly different in their emergency (3.5% vs 1.8%; p = 0.023) and inpatient (81.1% vs 69.9%; p < 0.001) statuses. A greater proportion of the UR group presented with ASA Classes 3 and 4 compared with the no UR group (p < 0.001). Mean complexity of the procedures as indicated by RVU and total operative time was greater for the UR cohort (p = 0.007 and p < 0.001, respectively).
Univariate Analysis of 30-Day Outcomes
Utilizing univariate analysis, associations of 30-day postoperative outcomes were quantified with respect to UR ( Table 6 ). The overall 30-day morbidity was significantly associated with UR (44.9% vs 6.9%, respectively; p < 0.001), as well as medical complications (31.1% vs 6.2%, respectively; p < 0.001), surgical complications (24.4% vs 0.8%, respectively; p < 0.001), and reoperation (41.3% vs 0.7%, respectively; p < 0.001). Of interest, all of the reoperations performed were unplanned. Surgical complications including SSI were all strongly associated with UR (p < 0.001 and p = 0.002 [wound dehiscence]). Of the medical complications, pneumonia, unplanned re-intubation, pulmonary embolism, urinary tract infection, stroke, cardiac arrest, myocardial infarction, requiring postoperative transfusion of more than 4 units of red blood cells, deep venous thrombosis, and sepsis/ septic shock were all significantly associated with UR (p < 0.001). Of particular interest, 77 of the 568 anemic patients received transfusion, and 10 of the 47 anemic patients with UR received transfusion.
Multivariate Analysis
To estimate risk-adjusted independent predictors and causes of UR, multivariate logistic regression models were used that controlled for confounding variables. After adjustment, independent predictors of UR that remained significant included anemia (OR (Table 8 ). This model also exhibited an adequate discrimination with C-index of 0.793.
Discussion
Study Rationale
Enactment of the PPACA has elicited national efforts to reduce readmissions, yet readmissions remain frequent and extremely costly across all medical and surgical specialties. 7, 12, 16, 19, 21, 31, [42] [43] [44] 52, 56 In attempting to analyze the factors occurring with readmission, the hindering factor may be the readmission data itself, which stems from inconsistent methods of data collection. 2, 24, 43 In addition, studies have shown mixed results in defining causes of readmission. 5, 26, 31, 48, 55, 59 Although surgical patients are inherently different from medical patients, a useful starting point would be the ability to differentiate planned from unplanned readmissions. 5, 21, 25, 41 We queried the 2011 NSQIP dataset to find predictors for unplanned readmissions in lumbar decompression procedures, with the goal of finding clues to preventable versus nonpreventable readmissions at a hospital level. Recently, the reliability and accuracy of the readmission variable in NSQIP has been validated. 62 To our knowledge, this is the first multicenter review of over 7,000 patients who underwent lumbar decompression during 2011. These were predominantly elective procedures. In our analysis, we identified several independent risk factors associated with unplanned readmission; these risk factors were present in all stages of the operation (pre-, intra-, and postoperative setting), thereby warranting closer inspection.
Predictors of Unplanned Readmission in Pre-and Intraoperative Setting
We found that anemia predicted UR in patients undergoing lumbar decompression, which substantiates the current consensus in both surgical and medical settings. Fischer et al. 16 conducted a retrospective review of 10,699 plastic surgery procedures from 2011 NSQIP and determined anemia was a strong predictor of readmission (OR 1.8, p = 0.003). In addition, in studies of 289,077 pulmonary patients and 1,491 internal medicine patients, anemia was a prognostic factor for early readmission. 39, 49 This intuitively makes sense because in numerous studies, anemia has been reported as a risk factor for postoperative complications across various surgical specialties. 14, 22, 38, 40, 60, 61 Because postoperative complications are shown to be associated with readmission, 5, 31, 48, 50, 55, 59 it is likely that anemic patients' predisposition to postoperative complications led to UR.
General functional status is known to be associated with postoperative morbidity and mortality, particularly in cancer patients. 3, 47 Our data suggest patients with dependent functional status are more likely to be readmitted (Table 7 ). In support of our finding, Kariv et al. demonstrated that worse functional capacity class remained a predictor of readmission even after controlling for selected peri-operative variables. 30 Several studies have proposed measures to improve functional status and pulmonary function prior to operation to decrease postoperative incidence. 4, 10, 20 Of the remaining predictors of UR, increased operative time, as well as ASA class 4 assignments were associated with an elevated risk of UR. Longer operative times are shown to correlate with both increased rates of surgical and medical complications, as well as longer hospital lengths of stay (Kim JY, Mioton LM, Rambachan A, unpublished data). 53 Higher ASA classifications are also known to be associated with adverse complications and longer hospital stay. 9, 13, 68 In addition, ASA classification has been shown to incrementally increase the risk of readmission in concordance with increasing scores. 31 These findings converge on the concept that risk factors may indirectly attribute to UR by increasing postoperative incidence, further reinforcing currently proposed causes of readmission, that is postoperative complications.
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Causes of Unplanned Readmission in Postoperative Setting
As expected, postoperative complications found to be associated with UR on univariate analysis included overall, surgical, medical complications, and unplanned reoperation. After multivariate analysis, overall complications, pulmonary embolism, and unplanned reoperation still remained significant risk factors for readmission. Of note, patients undergoing unplanned reoperation were 56.91 times more likely to experience unplanned readmission. However, this must be viewed in light of the fact that NSQIP does not provide timing data regarding reoperation and readmission, making it difficult to assess whether reoperation was performed to treat complications during index hospital admission or during readmission. Discharged surgical patients may develop complications related to the index procedure, necessitating unplanned readmission and subsequent reoperation. The incidence of reoperation included this way will likely inflate the risk associated with unplanned readmission. These findings should also be viewed in light of the fact that reducing postoperative incidence is already a paramount goal for spinal surgeons. Therefore, focused efforts to reduce readmission with respect to postoperative outcomes may not be necessary, as these measures are already taking place in practice.
Enhanced treatment at the time of the index procedure/admission may result in immediate diagnosis and treatment of a specific postoperative complication, ultimately resulting in the avoidance of an unplanned, preventable readmission. We observed that recipients of > 4 units of postoperative transfusions were in decreased risk of UR (OR 0.27, p = 0.001) (Table 8 ). However, our data indicate that, of the 47 anemic patients who experienced UR, only 10 received blood transfusion; therefore, 37 patients with UR may still have been anemic at the time of discharge. This explains why transfusion, although considered a surrogate for morbidity, is likely to † Hematocrit was recorded if available; n = 5959 and n = 287 for the UR and no UR groups, respectively. ‡ Serum albumin was recorded if available; n = 2148 and n = 127 for UR and no UR groups, respectively. exercise a protective effect. Transfused patients are recognized to carry high risks for complications, leading to enhanced inpatient treatment and definitive management of complications. The protective effect of transfusion on readmission was seen in free flap and pediatric sickle cell patients; 34, 64, 65 however, in general surgery patients undergoing colon resection, postoperative transfusion is shown to be a risk factor for readmission.
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Enhancement Measures
To date, implementation of hospital-based pay-forperformance programs and benchmarks has produced conflicting results in improving patient outcomes such as mortality. 27, 66 In lumbar decompression patients, prevention of readmission for an acutely ill postoperative patient could delay appropriate care and potentially be harmful. Accordingly, resources allocated toward preventing surgical readmissions should be redirected toward individual and systems-based practices for preventing complications. Recent endeavors to accomplish this include the Comprehensive Unit-Based Safety Program (CUSP) 69 and the Enhanced Recovery After Surgery (ERAS) program by the UK National Health Service, 54 both of which are intended to decrease perioperative complication rates, facilitate discharge, and reduce hospital readmissions.
Though not universally applicable, some of the adoptable recommendations include standardization of skin preparation, administration of preoperative chlorhexidine showers, warming of patients in the preanesthesia area, adoption of enhanced sterile techniques for "dirty" versus "clean" portions of surgical cases, and addressing lapses in prophylactic antibiotics.
There are reports of effective outpatient care-coordination models in medical patients that reduce readmission; these include structured discharge planning, medication reconciliation, and timely outpatient followup. 15, 23, 24 Similar efforts can be implemented in lumbar decompression patients, which in conjunction with postoperative complication prophylaxis, may reduce the fairly high rate of 30-day readmission seen in spine patients. 12 
Study Limitations
Although our study used the NSQIP database which captures a broad range of clinical variables and patient populations across the nation, there are several limitations that are inherent in the use of the NSQIP database. First, NSQIP only captures unplanned readmission occurring within 30 days of the principal surgical procedure, thus under-representing the overall unplanned readmission rate that occurs after 30 days. Another limitation of this NSQIP-derived study is that the impact of readmission relative to total length of hospital stay cannot be directly assessed (e.g. total length of stay or an exact etiology of readmission cannot be elucidated). 16 Second, temporal relationship of occurrence of complication to index procedure cannot always be determined. Specifically, it is not always possible to determine whether a patient developed a complication/s while in inpatient service and was readmitted due to inadequate management of the complication/s, or whether a patient developed a complication/s as an outpatient and was "readmitted" to the inpatient setting. 16 Lastly, there are no established guidelines in the literature for determining preventable or clinically unnecessary hospital readmissions in surgical patients, nor does the database define patients' insurance or socioeconomic status, which may affect resource allocation and discharge services. Also, the NSQIP data are not specialty specific; therefore, some clinical information that is pertinent to spine surgeons is absent. Regardless, the current study aims to contribute to currently available readmission lit- 
Conclusions
Readmissions remain a fiscal threat to hospitals due to proposed penalties under PPACA and adversely reflect on patients' functional improvement. With full implementation of the health care reform, readmissions continue to be an important area of quality improvement effort. Reducing postoperative incidence is a primary goal for spine surgeons; as a result, indirect measures to reduce readmissions are already taking place. Unifying data collection methods to reduce differences observed in readmission data, allocating resources to identify highrisk patients, as well as improving patient education at discharge can further reduce readmission in lumbar decompression patients.
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